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The research which has performsd undcr ths subjact Grant may

grouped into two btroad categoriess (1) studies of the heat transfer
characteristics of space-vehicle radiators, (2) studies of the rediation
propertiss of surfaces. The specific investigations which have been carried
out in themse problem areas will be described below. In connection with these

investigations, it may be mentioned that close technical liaison was maintained
at all times between Mr. S. Lieblein, technical -oﬁitor of the Grant, and

o, | e prinegne sevestsser. DR SHED. PRELIIRARY GaTA
d Ef'é 3/ S¢ w,fs Radiator Studies
At the request of Mr. Lieblein, a detatled formulation was developed for
the heat tranafer processes taking place in fin and tube space-vehicle radia-
tors. This study served to unearth several specific problems which were
then subjected to detailed analytical exploration. The first such detailed
analysis consideredthe effect of the relative orientation of fins and tubes
on the heat transfer performmance (publication 1). Three potentially-interesting
fin-tube arrangements were considered and definitive conclusions were arrived
at regarding the relative merits of each.
The second investigation was initiated to re-examine some of the basic
assumptions of space-radiator design calculations (publication 2). In
particular, it is penerally assumed that longitudinal heat comduction (i.e.,

=

in the direction of the tube axis) and cross radiation between nonisothermal
surfaces of the radiator are negligible. The validity of these assumptions
was checked by obtaining solutions which included longitudinal conduction

and nonisothemal cross radiation. Once again, definitive conclusions were

arrived ato In comnection with the cross radiation, it was necessary to derive
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radiant interchange factors which were heretofore unavailable in the literature.
The interchange factors were of sufficient interest in their om right so as

to warrant ssparate presentation (publication 3).

Another assumption frequently employed in heat transfer caloculations
for fin-tube radiators is that adjacent tubes have the sams temperature.
Correspondingly, the temperature distribution in the fin joining the tubes
is symmetric about a position mid-way between the tubes. In preactice, such
symmetry may not exist. The quantitative conditions under which asymmetries
in fin tempcrature distribution give rise to significant effects on fin heat
transfer have been determined by analysis (publication k).

Rzdiation Propertiss of Surfa

The radiant emission and absorption characteristics of surfaces depends
fundanentally upon intrinsic properties such as the eamissivity, reflectivity,
and absorptivity. However, in addition to these, the effective emitting and
absorbing power of surfaces is also related to the shape of the surface. It
is well known that a cavity will absorb more radiant ensrgy than will a plane
surface; correspondingly, a cavity emits more radiant energy than does a plane
surface. Consequently, in the design of radiating surfaces to provide
specified operating conditions (e.g., thermal-environmental comtrol), concave
surfaces provide an extra degree of freedom compared with plane surfaces in
that the effective radiation properties can be asltered by altering the cavity
geometry. Cavity-absorption information is of direct interest in connection
with such‘ applications as solar power sources and cold walls of space-environment
simula tors.

In light of the foregoing, it is natural to subdivide any study of the
radiation properties of surfaces into two parts: (a) cavity absorption and

emission characteristics, (b) intrinsic properties.
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A far-ranging analytical investigation qf the absorption and emission
characteristics of cavities has been performed. The various cavity configura-
tions inéluiad in the investigation are: spherical cavity (publications S
and 6), circular-oylindrical cavity (publication 7), v-groove cavity (publica-
tion 8), rectangular-groove cavity (publication 9), conical cavity (publica-
tion 10). In general, the results are reported in terms of an apparent
emissivity and apparent absorptivity which provide a direct comparison of
the emitting and absorbing power of a cavity relative to that of a plane
surface.

An expesrimental program has been undertsken to measure the intrinsio
radiation propertiss of surfaces. A knowledge of such properties is essential
to the computation of the radiant interchange between surfaces and their sur-
roundings. Primary consideration is being given to the measurement of the
reflsctivity. As a first step, an instrument was devised and comstructed for
measuring the total (in contrast to monochromatic) directional reflectivity
of surfaces. The essential features of the instrument are as follows: A beam
of black-body radiation is directed onto a test surface, the angle between
the incident beam and the surface normal being adjustable. The energy re-
flected in soms preselected direction is focused on a thermopile and recorded.

It is well-known, at least qualitatively, that surface roughness has a
decisive effect on the reflectivity of a surface; however, there has been
little gquantitative study of the roughness effect. The instrument described
in the foregoing paragraph has been emplnyed in a quantitative investigation
of the effect of controlled surface roughness on the total directional re-
flectance of metallic surfaces (publication 11). The test aurfaceé were
nickel rectengles whose surfaces were ground with grits of differemt

coarseness.
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The monochromatic (spectral) reflectivity is & much more fundamental
quantity than the total reflectivity. This is because monochromatic informa-
tion may be applied to incoming radiant beams having arbitrary wave-length
distributions. However, a monochromatic measuremsnt is much more difficult
and requires more elaborate equipment than does a measurement of total radia-
tion. The Perkin-Elmer monochrometer is an instrument capable of the desired
spectral resolution. This instrument was purchased some years ago by the
Mechanical Engineering Department from non-contract fimds. In the immediate
past,highly-precise external optics have been designed and constructed to
adapt the Perkin-Flmer instrument to measurements of directional, monochromatic
reflectivity. The resulting appnrdtua‘ is a precision research tool capable of
acocommodating a broad range of surface uteriiloo

Initial measurements of the directional reflectance of a non-metallic
material, magnesium oxide, have already been carried cut. These measurements
were made for test samples having various degrees of surface roughness. For
the aforemsntionsd studies, the incoming beam arrived at the test surface at
near-norsal incidence. These experiments have revealed a rather remarkable
finding,namely, that a given surface can reflect either specularly (i.e., as
a mirror) or diffusely depending upon the wave length of the incident beam-

The next phase in our prograe is a contimuation of the directional
reflectivity studies on magnesium oxids, but with an incoming beam which makes
a large angle of incidence with the surface nommal. It is expected that the
effective height of a given surface roughness would be less at larger incidence
angles.

In forthcoming studies, it is planned to investigate the effect of surface
roughness on the directional monochromatic reflectivity of metallic surfaces.
The®e might include pure metsls, alloys, crystals, and so forth. It is also
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contemplated to carry out studies of the monochromatic (spectral) emissivity
of surfaoces having various controlled roughnesses.
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